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SWITCHING CARD WITH ALUMINUM MEMBRANE CURRENT LEAD CROSSOVERS 

The development of a complete semiconductor functional unit with high informational capacity and 
reliability, and with low unit cost is a complex task because of its contradictory basic requirements. 

This problem can be resolved at the current stage when multichip integrated circuits (MIC) are used In 
this case, low unit cost is achieved due to economically profitable degree of integration of a separate 
semiconductor crystal (a chip), and the increase in informational capacity of the system is achieved by 
combining a number of such IC according to the pre-set electrical circuit on a single dielectric base with 
the previously developed system of interconnections, crossovers and bond areas, which is called a 
switching card (SC). In addition, in order to improve reliability of contact connections and to reduce the 
cost of assembling, the most advanced installations methods are used with ultrasonic weldinq i e the fliD 
chip method and the beam lead method [1]. ' H 

In the chip/switching card system, the weak point is current lead crossovers on the switching card and 
therefore this problem has been currently attracting an increasing attention. 

The highest reliability is provided by beam crossovers with a double dielectric insulation described in [21 
However the proposed method of their manufacturing has the following flaws: 

a) diversity of processes (vacuum evaporation, electrochemical metal deposition)- 

b) a large number of used materials including precious and rare-earth metals; 

c) application of a layer of gold presumes the presence of gold-plated bond areas on a chip 
(metallurgical compatibility of contact materials), which complicates the process of obtainina 
interconnections in IC. 8 

The purpose of this work was to develop a method for manufacturing a switching card with current lead 
crossovers having double dielectric insulation which would eliminate the above flaws. 

Using a crossover with a beam structure [2] requires thick layers of metal for the development of beam 
supports (about 5 u), an intermediate layer (about 5 u), and a beam itself (15 u). 

Out of two most commonly used methods of producing metal films - electrochemical deposition and 
vacuum evaporation - the latter makes it possible to obtain metal films with better parameter repeatability 
and it does not impose strict limitations on selections of materials for an SC. Yet, obtaininq of thick lavers 
of metal by vacuum deposition causes great difficulties. 

Let us examine the possibility of reducing the required thickness of metal layers of a beam structure 
without compromising the crossover properties. Reducing the beam thickness shall increase the 
probability of its deflection under the effect of electrostatic forces generated by pulses travelina in 
intersecting current leads, and therefore will result in deterioration of reliability of the crossover (a hard 
dielectric layer interferes with direct shorting). Yet if the beam tension force is increased simultaneously 
then reliability of this thinned membrane beam shall not any lower than that of a thick one Membrane 
tension can be adjusted by selecting membrane and substrate material with highly different coefficients of 
thermal expansion. 
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In the event when chips with beam leads or reciprocal projections are used, there is no need to form high 
supports for chip bending within a single process cycle, and therefore the buffer layer thickness can also 
be reduced to i.5-2 p. The further thickness reduction creates difficulties with elimination of an etch from 
under the membrane as a result of surface force tension, and also its warping may occur. Nevertheless, 
special actions allowed to bring the intermediate layer thickness to 0.8-1 p. | 




Thus, in terms of a structure of crossover with the double dielectric insulation, there are no principal 
limitations for reducing the buffer layer and beam thickness, and therefore the preferable application of 
the vacuum deposition method is possible. 



Based on the above-mentioned and using the method of producing film relays [4], the authors have 
developed a structure of membrane crossover of current leads (Fig. 1). A membrane is made of 
aluminum (2 - 3 p thick), and Sitall is used as a substrate material. The thermal expansion coefficients for 
the aluminum-Sitall system are 26 • 10" 6 - (9-12) • 10" 7 degrees* 1 , respectively, and their ratio is 22 to 29. 
There is a double insulation of intersecting conductors; a thin silicon dioxide layer (0J - 0.2 p) and an air | 
gap (2 - 3 p). 

The minimum possible number of metal layers, needed to develop a crossover with the structure shown 
in Fig. 1, is equal to three: the top layer (bond areas, membranes), the intermediate layer (supports, a 
buffer layer under membranes), and the bottom one (interconnection). Due to specific features of the 
crossover structure, the metal buffer layer used for air gap formation under the membrane, and 
membrane supports are formed from one layer of metal. 

Application of aluminum as the membrane material determined the material for the top layer of 
metallization on a SC, i.e. aluminum. This makes it possible to avoid complications in IC metallization 
process and apply commonly used aluminum metallization [3]. Here, one of two known (Au - Au and Al - 
Al) most stable contact pairs is applied. 

Application of aluminum as the top layer metal makes it possible to use ultrasonic chip bonding to the 
switching card which provides the most reliable connections. In this case, specific requirements to the 
intermediate material layer occur: 

a) metal should have good adhesion to aluminum and to the bottom metallization layer; 

b) it must be capable of selective etching in relation to aluminum and to material of the bottom 
metallization layer without a release of gaseous products; 
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c) metal should not form solid solutions and compounds with aluminum and interconnection 
materia!. 



If intermediate layer material forms compounds with aluminum or the bottom metallization layer then the 
formed transient layer may not be etched away, which will have a negative impact on membrane 
properties (resulting in warping due to the difference in thermal expansion coefficients) 
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Fig. 3. Portion of completed switching card (X50, side illumination) 



Thus in relation to material of membrane and top metallization layer, vanadium is the most efficient as 
he intermediate layer. Also, application of vanadium allows to produce the bottom metallization laver 
from aluminum Aluminum, in addition to its known advantages [3], has good adhesion to Sitall used as a 
substrate for SC. 

The process of manufacturing of a switching card with the described membrane crossovers is a relatively 
simple one. A single layer aluminum interconnection shall be made on the Sitall substrate A silicon 
dioxide film is applied by cathode sputtering with reaction [5] followed by photoengraving An intermediate 
vanadium layer ,s sputtered onto the plate surface and is also subjected to phoino^TSSE? 
vanadium islands are left which are needed to form supports, as well as narrow strips in the sites of 
membrane formation which shall be further etched away for the formation of an air gap under the 
membranes. 

Further the top metallization layer - an aluminum layer - is sputtered onto the substrate 
Photolithographic process is used for simultaneous formation of aluminum membranes and bond areas' 
The photoengraving process of the top aluminum layer when the bottom aluminum layout is available' 
does not create any problems, because silicon dioxide or an intermediate vanadium layer serve as the 
masking layer depending on the photomask design. 

The buffer vanadium layer is etched away from under the membrane. Supporting surfaces of the 
membrane are protected by aluminum from three sides, and vanadium underetching takes place from the 
outs.de only. Dur.ng the time of etching, vanadium under the membrane shall not be able to disintegrate 
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There are the remaining portions of the buffer layer which serve as a membrane support The finished 
card is heat treated in inert medium. 

In the event when a switching card is designed for chip bending by the flip chip method, supports for flip 
bending are made simultaneously with formation of a layout and membrane crossovers within a single 
process cycle. The design of such a support is shown in Fig. 2. The support is made in the form of a 
portion of a vanadium layer enclosed into aluminum from all sides which allows to etch away the 
vanadium buffer layer from under the membrane while not destroying the support. 
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01 

Figure 4. Membrane crossover of current leads (X50, direct illumination) (7f 
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The finished SC consists of 34 membrane bridges of different length which incorporate 61 current lead Q 
crossovers. A portion of such a card and the membrane crossover are shown in Fig. 3 and 4. ~~ ^ 

Testing of finished switching cards indicated that the produced membrane crossovers sustain voltage of 
about 100 V on intersecting current leads. Under the voltage of 110-120 V, the impact of electrostatic 
forced resulted in deflection of a membrane when the membrane would lay on a solid dielectric. No 
dependence of deflection strain on membrane length was recorded. An increase in voltage to 140-150 V 
resulted in dielectric breakdown.* 

CONCLUSIONS 

1. A switching card for MIC was produced on the basis of a three layer composition using only two 
metals - aluminum and vanadium - which has membrane crossovers of current leads with a double 
dielectric insulation. 

2. The upper metallization layer on SC, along with the commonly used chip aluminum metallization 
uses one of two stable contact pairs + (aluminum - aluminum). 
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KOMMYTAUMOHHAfl IWATA C AJWOMMHMEBbIMM 
MEMEPAHHblMH F1EPECEMEHMSIMH TOKOnPOBOflOfi 

Co3jUHHe 3aKOH^:eHHoro nojryn pobo ah h kobo ro 4>yHKUiioHajik. 

HOro 6^0Ka C 60JIbIUHMH HH(J)OpMaUHOHHOH eMKOCTbK) H HajIOKHOCTblO b 
HH3H0A yA^IbHOfi CTOHMOCTbK) HB.IHeTCH CflOXCHOft 3a*aMeA BGflejlCTBHe flr*! 
TIIBOpeHHBOCTH OCUOBHhIX Tp€6oBHHHH. ^ 

Peuieiiiie npo6jieMH Ha cobpcmchhom 3Tane bo3mo>kho npn nciKuiban. 
BaHUH MHoroKpHcra^bHux HHTerpa.nbHhix cxeM (MHC). B 3tom c^y Na . 
iiuaxaii yiiejibHafl cTOHMocTb aocTHraeica sxonoMHvecxH BbironHoA creneHbio 
HHTerpauHii oTAe^bHoro nonynpoBOAHuxoBoro xpHCTa;ma— tmna, a yaejiH^ 
Hiie HH())opMauKOHH0fl 6MK0CTH cucTeMU — nyTeM coeAimeHHH psjia TaKHt* 

no saAaimofi ajiexTpuHecxoA cxeiwe ua eMHoA AiianexTpHHecKoA ochobc 
c sapaHee co3A3hhoh CHCteMofi MexccoeAHHeHHA, nepeceieHHH h KOHTaKTHux 
n.nomaAOX, nojiyMHBmeA Ha3BaHHe KOMMyTauHOHHofi njiaTbi (KIT). Hdh 
*tom c ue^bio yBe^HqeHHJi HaAWKHocTH xoirraKTHbix coeAiiueHHM h chhjkchhh 
ctohmocth c6opo^Hbix onepauHA ncnanb3yioTca naHCoJiee nporpeccHBHue 
MeTOAW MOHTaxca c yjibTpa3ByKOBQA cBapxoA — MeTtm nepeBepHVToro kom- 
cTa^^a h mctoa GaaoHHux buboaob [1J. y 

B CHcreMe wnnu— xoMMyTauiroHHaa njiaTa cnaGbiM aaeHOM hbj!»k*cq 
nepeceveHHH -roxonpoBOAOB na KOMMyrauHOHHoA njiare, nosTOMy aaHHOMy 
Bonpocy yjie^«ioT b nocJieAHee BpeMH see 6anbiuee BHHMaHHe. 

HaHCo^buiyio HaAeacHocn, o6ecne<iHBaiOT tfajio^Hwe nepeceqemifl c 
abohhoA AH3^eKTpHqecK0ft H30Jifimeft t onHCBHHbie b pa6ore [2]. OAHaKO 
npeAJiaraeMuA cnoco6 hx H3 roTOB/ieHHn HMeeT c-neAyiouiHe HeAOcraTKH- 

a) pa3HopoiiHOCTb TexHcworHHecKHx npoaeccoB (BaKyyMHoe HcnapeHHe 
^eKTpoxHMHMecKoe oca>KAeHHe MeTavwoB); 

6) Ccwibujoe K<wiHqecTBo HcncwibayeMbix MaTepHaAOB, b tom mhcjic Apa- 
roucHHbix h peaK03eMe-ibHbix MeTajjjioB; 

b) Hcno/ib30BaHHe cno* 3o;iOTa npe^nojiaraer wa^HMHe Ha mine ao- 
JioneHbix KOHiaKTHbix n.ioma"ox (MeravtAyprHMecxafl coBMecTHMocrb koh- 
raKTHbix MaTepHaJioB ) , mto yc^OKHHeT npouecc nojiyqemia MewcoeAHHe- 

IIHft B HC \ 

Uejib HacTOflmeA pa6oTbi 3aKJiio*iaJiacfc b pa3pa6oTxe cnoco6a nojiyqe- 

HHfl KOMMyTaUHOHHOft JIJiaTb! C nepeCeieHHflMH TOXOIipOBOAOB, HMeiomHMH 

ABoiiriyio AH3jiexTpHHecxyio H3onmnk> t Hcxjiio<iax>mero nepeMHOieiiHbie He- 

A0CT3TKH. 

Pea^ji3auH5i nepeceqemja c 6a^ovHoft xoHcrpyxuHeA [2] Tpe6yeT nony* 
weHHH TOjiCTbix aioeB MeTa^oB A*fl co3AaHHH onop 6ajiKH (okcwio 5 mkm), 
npoMencyTOMHoro cjioh (okojio 5 mkm) h co6ctbchuo Objikh (15 mkm). 

H3 AByx waH6o^ee lUHpoxo npHMeHHiouiHxcj! mctoaob no«nyHeHH5! Me- 
rajijiHWCKHx n^eHOK — 3^eKTpoxHMHvecKoro oca^eHHa h HcnapeHnu b 
Baxy>Me — BTopoA nosBOJjneT no^iynaTb njieHKH MeTa^a c /lymuefi 
Bocn poH3BOiiH MocTbK) napaMeTpoB h He HaxaaflHBaeT wecrKHX orpaHH^eHaA 
Ha Bu6op MaTepHaJiOB juix KTl. OflHaxo no^yweuHe to^ctux cnoes Meraji^oB 
Me-roflOM BaxyyMHoro Hanu^eHHfl CB»3aHo c 6oJibinHMH Tp yii hocth m h . 

PaCCMOTpHM B03MO>KHOCTb yMeHbUieHHfl Heo6xoAHMbix tojiiuhh MeTaJi- 
.ih^cckhx caoeB 6a^oqHoA xoHcrpyxuHH 6e3 yxyiiuienHH cbohctb nepeceqe- 
hhh. YMeHbiueHHe TojiiuHHW 6a/iKH yBe^H4HBaeT BepoHTHocTb npom6a ee 
non AeucTBHeM aJiexipocTaTHwecKHx ch^, Bbi3WBaeMbix npoxo>iueHHeM 
HMny^bcoB b nepeceKaiouiHxcH Toxonpoaoiiax. h, cJieAOBaTejrbHo, bcjict 
k yxyAuieHMio HaAe^HocTH nepeceneHHs (uenocpeacTBeHHOMy 3axopaMHBa- 
liHio npen«TCTByeT cnoft TBepaoro AHS^exTpHKa) . Ho turn oAHOBpeMCHHO 
c 3thm yBejiHHHTb ch^u HaTH>KeHHfl 6aj)KH, to TaxaH yTOHqeHHaji Cajixa- 
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TA C AJttOMMHMEBUMM 
EHHflMH TOKOnPOBOAOB 

3KOHOMHMeCKH BUfOaHOH CTCne H1> ' 

- nyreM. coea H HeHH« p*ia Ta»» 

HeHI.fi, nepecesCHHH H KOHTaKTllH» 

^yrauHOHHofi njiarw (Kn) . nS 

HTaiCTHblX COeMHeHHfl H CHH*e„S« 

■Jfw „a H 6o^e nporpeccS 
- MeToa nepesepHyToro K p H . 

hohhoS juare, noaxoMy aaHHOMv 
Soflbuiee BHHMaHHe. aaMH °My ; 
tBaiOT 6ajioHHhie nepecewHH* r 

H c „e H e rL B pa6ore w W 

HMeeT cneayioujHc Heaocra tkh - 
■poueccoB (BaKyyMHoe Hcnapen« M 

a Mai 'epHajio B , b tom iHcjie apa. f 

moJiaraeT HaflH^He Ha M H ne so- 1* 

-yprHKeCKBH COBMeCTHMOCTb KOH- ^ 

'pouecc noayneHHH Me^oe^" 

* b paapaeoTKe cnoco6a ncwiyve- M 

^MH TOKOnpOBOflOB, HMdOlUHMH | * 

■"ma^mero nepcHcaeHHbje He |*j 

HHH Onop fiajIKH (OKOJIO 5 MKM) trt 
SCTBeHHO 63J7KH (15 mkm) t% 

ouiHxcji MeToaoB nojivieHHa Me- 

5 njIeHK H MCTajuia c jiy<nneii !»X 
r y S e a ! T * eCTKHX <>r?aJ,Zl !l 

" 60JI *>U1HMH TpyflHOCTHMH. 

£ vv! !° m,,UJ TOJIU <»» wera^- 
•3 yxyaiaeHHH cbohctb nepecene- 

oflax, h, cfleaoBaTMbHo, neaeT 
D S eiI H n 0eH,,0My 3a «°P*«»Ba. 

TO eCJIH °AHOB PeM eHHO 

*. to Tanajj yTOH'ieHHasj oajiica- 



liiieMGpaHa 6yaeT oCnaaaTb He MeHbmeft HanewHoc-rbio, ie*< TOJicrax. Hoth. 
|||tceHHe MeM6paHbi mojkho peryjJHpoBan> noA6opoM MaTepHM 08 Meuop aHu 
"ip noa^owKn, hmciouihx 6ojibuiyio pa3HOCTb K03<})(p H11HeHT oc repMimecKoro 

Wfyjfr B CJiyiae HCJlOJlb30BaHHJ! 9HD0B C 6aaOMHblMH BblBOflSMH WH OTBeT- 

Ihumh BwcTynaMH Her hco6xoahmocth (popMHpoBaTb b eamioM TexHO/iorn- 
itjecKOM UHKJie BbicoKue onopu ana npHCoeflHHCHHn «?HnoB, noaTOMy mojkho 
vSwixe yMeHbiDHTb TOfliUHHy 6ycpepHoro cno« ao bcjihhhhm 1,5—2 mkm. FIpH 
'^HanbHefiuieM chhjkchhh ToaiUHuu BosHHxaiOT aaTpyAHeHHa c yaaaeHJieM 
. . paBHT&aH H3-noa MeM6paHu BcaeacTBiie aeficTBHn ch^ noBepxHOCTHoro 
5«aTHweHHH, a Taxxe bo3moikho xopo6jieHHe ee. TeM He MCHee, npHHHMaH 
p|cnenHa;ibHbie Mepw, yaaBaflocb aobccth TOJiuiHHy npoMewyroHHoro cno* 
**>o 0,8—1 mkm. 




CUMJtt 




Pmc. 1. KoHCTpywiHf! ne»i6p8H»toro nepe- 

CCieBMS TOKOnpOBOXOB. 
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Phc 2. KoHcrpyxtiHH onopu ajix npHcoean- 
hchmh no^ynpoBoanHKOBux KpncrsJiaoB. 
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TawiM o6pa30M, npHHUHnHa^bHWx orpaHHMeHHH Ha CHHMceHHe mum™ 
6y<j)epHoro cjioh h 6a^KM c toikh 3peHHH KOHCTpyKUHH nepeceMenHH c iiBoft- 
hoA iiH3Ji6KTpHMecKofi H30JiHUHeii hct h, cJieAOBaTe^bHo, bo3mo)kho npeMMy- 
mecTBeHHoe npHMeHeRHe mctom BaxyyMHoro Hanw^eHHfl. 

OCHOBWBaflCb Ha BUUieH3^0XeHH0M H HCn0^b30BaB MeTOA H3rOTOBJieHHfl 

TUieHO^Hbix pene [4], aBTopw co3,aa^H KOHCTpyfuiHio MeM6paHnoro nepece- 

«ieHHH TOKOnpOBOflOB (pHC. 1). MeM6paHa H3rOTaBJ!HBaeTCH H3 b^iomhhhh 

(TOJiutHHa 2—3 mkm) , MaTepnaJiOM nowwKKH cny»HT cHTa^. Ko3(J)d>H- 

UHCHTbl TCpMHMeCKOro paClDHpCHHH CHCTCMW aJllOMHHHfi— CHTaJIfl COOTBCT- 

CTBeHHO 26- — (9 — 12) - 10- 7 zpad~\ hx OTHOtneHHe paBHO 22—29. H30- 
.ihuhh nepecexaiomHXCfa iipoboahhkob ^BOHHa«: tohkhh cjioft iiByoKHCH 
KpeMHHH (0,1—0,2 mkm) h B03^yuiHWH npoMexcy-roK (2—3 mkm). 

MHHIiMayibHO B03MO>KHOe KOJIHHeCTBO CJlOeB MeTaJIJIOB, II606XOAHMOC 

A^iH co3AaHHa nepeccieHHH c KOHCTpyKUHeH t - noKa3aimoft Ha pac. 1» paBHO 
rpeM: BepxHHft aion (KOHTaKTHwe n.iomaziKa, MeM6paHbi), npoMeHtyroqHwft 
(onopw, 6y(f)epHbifi cjioS noA MeM6paHaMH) h hh>khhh (pasBOAKa). B cH^y 
oco6e>M0CTH KOHCTpyKUHH nepeceMeHHH 6y$epHbiH oioA Merajwia, Mcncwib- 
3veMLifi znn o6pa30BaHHH BoaayuiHoro 3a3opa noA MeMCpaHOH, h onopw 
MeM6paHbi 4>opMHpyiOTCsi n3 OAHoro aion MeTajuia. 

BuiCop a^ioMHHHfl b KflnecTBe waTepnaJia MeM6paH npeAonpeAenHCT 
MaTepHa^ Bepxnero cJion MeTajuiH3auHH na KF1 — ajiioMHHHfi. 3to abct 
B03MOK«ocTb H36e>KaTb ycJioJKHeHHH npouecca noJiyMeHHH Mcrraji^HsauHH 
b HC h Hcno^b30BaTb uiHpoKo npHMCHfleMyw b HacTOHiuee BpeM« mctbjwih* 

3HUH10 a^JOMHHHeil [3]. IlpH ^TOM peaJIH3yeTCH OAH3 H3 AByX H3BCCTHWX 

(Au— Au h A!— Al) Han6o^ee ycTOiViHBbix KOHTaKTHbix nap. 

FIpHMeHeHHe ajuommhuh xaic MOTepHaJia DepxHero aiow no3Bcwi»eT 
«cnojib30Ba*rb y^bTpa3ByxoByK) npHBapicy MHna k KOMMyrauHOHHofi miaTe, 
Aawmyio H3H6o^ee naAOKHwe cocahhchhh. B abhhom oiy^ae B03HHKaioT 
cneuH<}>HMecKHe Tpe6oBaHHH k MaTepHaAy npoMe>KyTo»cHoro cjioh: 

a) Mera^Ji Ao^>Ken HMeTb xopoiuyio aAre3H»o k a^ioMHHHio h k hhhchc- 

My CJIOK) MCTaJlJlH3aUHHJ 

6) oh AOwiJKeH o6^aAaTb cnoco6nocTbio k ceJieKTHBiioMy TpaBJieHHio 
no cTHomeKHK) k ajiioMHHHK) h k MaTepna^y HHKHero u\on MeTaJi^M3auHH 
6e3 BhiAe.ieinifl ra3006pa3Hbix npoAyKTOB; 
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b) MeTajw He aonweH 0<5pa30BbiBaTb TBennuT nB _„„„„„ „ 

C a/KOMHHHCM H C MaTepnajIOM paSBOAKH ? P««B°P<>fl * COeflHHeHHft 

mhh^T^ P ^^^^^ o«P«yer coe*„HeHH„ c a*K, 
« —r He "p^^ 




Phc. 3. M«n, roroeofl aonMyranHOHHoa -muni (X 50. ocaem*.™ 6o« 0 Boe). 



npoMeacyTOKHoro cjioh BaHaaHB H^Slt npHMeHeHHe a Kanecrae 
MenHeMOMy b Kanecrae wow In KO > aJIre3HeH curacy, np H - 

KOMM « oft njiaw c 

CHTajjjioBOH noMomZ coauweiS P aBHHTCJ,bH0 npocrofl. Ha 

JiaeTCH npoMewyToqHHfl aioft Banana,,;™- X " 0CI * DJIac «H« Hanu- 
wraB^aiOTcH oK »7h^ S«™ <POTorpaBHpyeTc*. n P H aroM 

BUTpauuBamiio am o6pa30BaH«a bSI WHUlUlie M*bwftuieiiy 

oioh ajiioMHHHa. C noMombK) (boTo^HToroaA^ I™! MeTajuiHaaiuiM — 
a^ioMHHHeBue MeM 6paH« rVwESSSS P nJ^,™° B ?f MeHtt0 n «y«»w* 
poBKH Bepmro aj a "k>mh^^^ 

BOflKH 33TpyaHeHHft He BHaUBSM- «v I "HJKHefi HJIIOMHHHeBOft pa3- 

bhchmocth o T \bH? T ?yKirro;oS;oS^ yTo,iHuH 0,06 BaHa ™> ■ ~ 

Hue X^a^^^^ Onop- 
TpaBJiHBaHue oanaAun dpohcxSh^ToTko c £S ?™ " 
TP aB,e„HB aaaa*,* no* «e«6pauoH „e ^2?^^",^^ 

72 



>aCTBOpOfl H COCAMHeHHfi 

/er cocahhchhh c ajiw- 
y^aioiuHftcfl nepexoAHofi 
CKa3UBaeTCfl na cBofi- 





cceiucHHe Ookoboc). 

JHe pa3HHUU K03(}>4)H- 

<CM6paHbi h BepxHero 
!MeHeHHe b KaMecTBe 
ahh no3BojneT h hhhc- 
. Ajuomhuhh, KpoMe 
3Hefi k CHTajwiy, npH- 

yTaunoHHoft rijiaTbi c 
mejibHo npocTOH. Ha 
>MHHHeBan pa3BOAKa. 
ieHKa AoyoKHCH KpeM- 
crb n^acTHHhi Hanw* 

aBHpyeTCH. ri|)H 3TOM 

<J)opMHpoBaHM5j onop, 
rcaiUHe AaflbHefiuieMv 
)a noA MeM6paHaMH. 

IOH MCT3 JIJIH33UH H — 

p€M€HRo nojrynaioTCflr 
Dpouecc 4>oTorpaBH- 

ft aJHOMHHHCBoA pa3- 

dacKMpyiomKM cAoeM 
choh BaaaAHH, b sa- 
il MeM6paHbi. Onop- 
i ajiioMUHHeM h noA- 
\ CTopowbi. 3a apeMff 

DHB3TbCH IIGJlHOCTbK). 



OcraBiuHecfl m3cth 6y4>epHoro caoh h cnyncaT onopofi MeM6pauu. ToroBair 
^ijjiaTa noABepraercH TepMH4ecicofi o6pa6o*nce b mhcpthoh cpeAC. 
? %. B cnytae, ccjih KOMMyranHOHHaa rwiaTa npeAHa3HaieHa jljik hphcocah- 
tpeHHA mhiiob MeroAOM nepeBepnyroro KpHcrajuia, o ah ob p eiwe h ho c co3Aa- 
llpHHeM paaBOAKH b MeMfipaHHbix nepeceMeHHft B eAHHOM TeXHOAOrHqeCKOM 

;J^ :flH KAje H3rOTaBJlHBaiOTCB Onopil AAA npHCOeAMHeUHfl HHnOB. KoHCTpyKUHJT 

fPtaKotf onopbi Aana na pnc. 2. Onopa npeAcrao;iHeT coCoft sacTb caoh 

I|>«aHflAi<fl. 33KAK)MeHHyJO CO BCeX CTOpOH B BJHOMHHHft, HTO AaeT B03MOiKHOCTb 

M^brrpaanHBaTb Cy^cpHUfi caoft BaHBAHfl h3-doa MCM6paHbi t He paspyiuan 



mi . 



;•'>•• 




SET 



Pbc 4. Meudpamioe ncpeceqeHHe tokorpoboaob (X50, ocaemcmic 
npaMoe). 



. H3roTOBJieHHa* KI1 coctoht hs 34 MeM6paHH«x nepeMbreeK. pa3AH«iHoft 
ii& iuiHHW, KOTopbie peajiH30Ba^H 61 nepece*ieHHe TOKonpoBOAOB. MacTb Taicofr 
iSiAaTW h MewfipaHHoe nepeceqeHHe noxa3aHbi Ha pnc 3 h 4. 
fcf L HcnbrraHHH roTOBbix KOMMyTauHOHHbix anaT noKa3a^H f hto nojiywenHbie 
S $eif6paHHbie nepeceneHHH BUAepjKHBaiOT HanpaaceHHe Ha nepeccKaiomHXCsr 
-TokonpOBOAax okojio 100 e. npH Hanpfl»eHHH 110—120 e bcacactbhc 
:i ieltCTBHB BAeKTpocraTHMecKHx cha npoHCXOAHA nporn6 MeM6paHU — MeM- 
:6paHa Aoaouiacb Ha TBepA&rft AHSAeicrpHK. 3bbhchmocth HanpHxeeHHH npo- 
:jH6a ot aahhu MeM6paHbi He Ha6AK>Aa<nocb. yBeJiwieHHe nanpjDKeHHii ao 

^•140—150 8 npHBQAHJIO K npo6oK) AH3JieKTpHK8 *. 



BUBOAU 



L nojiyneHa KOMMyrauHOHHaB nAara aah MMC Ha ocaoBe Tpexoiofi- 
. : ikoft KOMno3HUHH c HcnoAbdOBBHHeM Bcero AHmb AByx Mera^JlOB — baiomh- 
II^hh h BaHa^Hfl, HMewman MeM6paHHue nepeceMeHHH TOKonpoBOAOB c ABoft- 



HOH AH3.TeKTpH46CKOH H3CWlflUHeH. 



.£ 2. BepxHHft cjioh MeTajuiH3aiiHH na Kn coBMecTHo c ninpoxo npnine- 
" iHfleMOH a^K>MHHKeBofl MeTajuiH3am:eH nnna pea^H3yioT oAHy H3 AByx 

llyCTOfiUHBblX KOUTaiCTHblX nap + (aAK>MHHHfi— aJllOMHHHH) . 
p JIHTEPATyPA 

Wfi Clark R. — Oec Pach. Prod. 1969, 9, 12. 1, 54-62. 
m 2. L e p s e 1 te r M. P. - Bell. Sys. Techn. J., 1968, 47, 2, 269-271. 
ft 10 u c ft 6 a r, K h ii P. ~ TMH3P. 1969, 57, 9. MS— 128. 

. AaiJiOB B. JI.. CoaaaTeHKOB M. C — Tpyiiw I Bccco»3Hoft KOH^pcHnini no 
BwqHCJKTWbHhiM cxcuaic. Bun. 5. «Hayxa» f Hobocm6hdck, 1968, 159 — 176. 
3aB2vieu E. r., K«MapcKHft B. H., Kay4>Maa A. a,Xo6w4auKa« M O.— 
3aex7poHHaH TCXHHKa, MawpHaJiw, 1970. 

TlocTynHaa b peaxojiaarMio- 
a Mae 1971 r. 



I- * Koriia craTbfl 6tuia yjice HanwcaHa, b neiaTH no*Bwiacb paoora (Solid State 
r #Technology, 1970. 13, 8. 62—66), a Koropofi irpaTKO ynoMWHacrcsi 06 HaroToaaeRHtt 
§£aJiK>UhHKeBbU nepecewHH&, nuiio6Hbix onHcaHHbiM b aaHHOft ctaThe. 
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